The antibiotic resistance pattern and plasmid profiles were studied for a total of 89 Escherichia coli (E. coli) isolates recovered from faecal specimens of children hospitalized with diarrhoea in Rahma hospital for children, Irbid-Jordan. Twenty-four of these were identified as diarrhoeagenic E. coli by the polymerase chain reaction (PCR) procedure. Seventy-one E. coli isolates showed a multiple resistance pattern (to 10 antibiotics) and 13 isolates were susceptible to all antibiotics tested. All the 89 Isolates were sensitive to nalldixlc acid. Plasmid content and profile studies showed that the 76 E. coli drug resistant isolates (Including 6 and 12 Isolates that showed single resistance to tetracycline and ampicillin respectively) carried plasmids ranging from 54.0 kb to 1.5 kb in size. The number of plasmids in each of these isolates ranged from one to six of different sizes. AU the E. coli isolates contained a common plasmid with a molecular weight of 25.0 kb which proved to confer resistance to ampicillin, kanamycin, tetracycline, and possibly chJoramphenicol.
Introduction
Diarrhoeal diseases are a major public health problem and considered as significant causes of morbidity and mortality in children less than 5 years of age in developing countries. 1 ' 2 Many traditional as well as newly discovered enteric pathogens are now recognized as the major causative agents for diarrhoea. These include Salmonella, Shigella, Campylobacter jejuni, Diarrhoeagenic Escherichia coli, Cryptosporidia, Giardia, Entamoeba histolytica, and Rotavirus. 3 " 3 With the limited diagnostic techniques available in clinical laboratories in most developing countries like Jordan, only traditional enteropathogens such as Salmonella, Shigella, Giardia, and Entamoeba histolytica are usually looked for and identified in the diarrhoeal stools, and the majority of diarrhoeal specimens are considered as culture negative for enteropathogens.
Most episodes of diarrhoeal illness are self-limiting, which do not require antibiotic therapy but necessitate replacement of water and salts lost in diarrhoeal stools. 6 In Jordan, diarrhoea incidence rates remain high, specially during the dry hot season (June-September) due to the inadequate sanitation and shortage of water supply amongst the poorer sections of the population. Cases of diarrhoea in Jordan are often treated with oral rehydration followed by antibiotic therapy in most cases, including those with negative stool culture results. The selection of antimicrobial therapy is usually initiated without performing susceptibility testing and without taking into consideration the antimicrobial resistance patterns of the prevalent diarrhoeal isolates. In addition, the widespread and often unwise use of antibiotics in many developing countries 7 ' 8 should have a selective pressure on the development of antimicrobial resistance among enteric pathogens, resulting in the genetic elements encoding resistance being transferred to other organisms, specially the normal intestinal flora that can be disseminated between individuals. 9 No single study is currently available in Jordan on enteric E. coli strains in terms of antibiotic resistance patterns, plasmid content, or their involvement in diarrhoeal illness. In this study, stool samples from children under 5 years of age with diarrhoea were studied. E. coli were isolated primarily during a survey to determine the prevalence of diarrhoeagenic strains in the stool samples (Youssef et al., in preparation). The antibiotic resistance patterns, plasmid profiles, and the genetic location of drug resistance determinants were studied for 89 E. coli isolates randomly selected from the whole group of isolates recovered from diarrhoeal patients.
Materials and Methods

Patients and sampling
During May-August of 1993 and 1994 children up to 5 years of age admitted with acute diarrhoeal diseases to Princes Rahma Hospital for children were included in the study. A questionnaire with the relevant information was completed for each patient by the paediatrician. Diarrhoea was defined as the passage of three or more loose or watery stools in the preceding 24 h. Stool samples from children were obtained by the nurse on the day of admission and transferred, packed in ice, to the microbiology laboratory at Yarmouk University and processed within 4h of collection.
Microbiological examination
Stool samples were cultured by standard bacteriological techniques for Salmonella, Shigella, Vibrio, Campylobacter, Yersinia, and E. coli. ° Ten colonies that morphologically resembled E. coli were collected from Drigalski agar plates (Diagnostic Pasteur, France) for each stool sample studied. These colonies were saved in brain-heart infusion broth (Difco) containing 10 per cent glycerol and stored at -70°C for further use. At the time of the study, isolates were subcultured on blood agar then used for multiplex PCR procedures (Youssef et al., in preparation) and 89 of these were included in the plasmid profile and antibiotic resistance analysis..
A spontaneous mutant of the E. coli HB101 strain that is resistant to nalidixic acid was generated in our laboratory and was used as the recipient in the conjugation experiments.
Plasmid studies
Plasmid DNA was prepared as described by Micklos and Freyer'' and electrophoresed in 0.9 per cent agarose in Tris-Borate-EDTA buffer at 120 V for 3h using a horizontal electrophoresis system (Sigma-Aldrich). Gels were stained with ethidium bromide (Sigma) (0.5 fig/ml) for 20min and destained for 15min twice in distilled water. The gels were photographed with a Polaroid camera (MP-4 Land Camera). Lambda DNA digested with Hindlll and EcoRl (Boehringer-Mannheim) was used as the DNA standard marker.
Antibiotic sensitivity testing
Antimicrobial susceptibility was determined on Miieller-Hinton agar plates (Diagnostic Pasteur, France) following the Bauer-Kirby method. 12 The following antibiotics (Diagnostic Pasteur, France) were used at the concentrations indicated: ampicillin (50^g/ml), chloramphenicol (30/xg/ml), gentamicin (10^g/ml), kanamycin (30 ftg/ml), tetracycline (10/tg/ml), and nalidixic acid (30/ig/ml). Escherichia coli ATCC 25922 was employed as control.
Conjugation studies
Conjugation experiments were performed on 42 multiresistant E. coli isolates and six isolates that were resistant to ampicillin alone. Both bacterial donors and recipient to be mated were grown to stationary phase at 35°C in LB broth containing the appropriate antibiotics.
The stationary phase cultures were washed and resuspended in LB broth without antibiotics. The donor and recipient bacteria were mixed in a 1 :4 ratio, and 0.1 ml of this mixed mating culture was spotted on to sterile filters (Millipore Corp., Bedford, MA, USA) on LB agar plates and incubated at 35°C for 24 h. The filters were then suspended in LB broth and 0.1 ml of this bacterial suspension was spread on LB agar plates containing nalidixic acid plus an antibiotic to which the donor was resistant. The resistance pattern of transconjugants that were able to grow on the selection plates was determined by testing the colonies of the transconjugants, transferred using sterile tooth picks, on other selection plates. Plasmid profiles of the transconjugants were compared with those off. coli donor strains to determine the origin of resistance markers.
Results
Microbiological findings
Out of the 89 E. coli isolates selected for this study, 24 were diarrhoeagenic, which includes 10 enteropathogenic E. coli (EPEC), eight enteroaggregative E. coli (EAggEC), five enterotoxigenic E. coli (ETEC), and one enteroinvasive E. coli (EIEC). The survey data collected about the 89 patients with diarrhoea showed that 28 were given antibiotic treatment during hospitalization.
Antimicrobial resistance patterns
The 89 E. coli isolates showed 12 different antimicrobial resistance patterns (Table I) . Eighty-three isolates were resistant to ampicillin. The most commonly occurring resistance patterns were ampicillin, tetracycline, and chloramphenicol resistance (22 isolates), ampicillin resistance alone (12 isolates), ampicillin, tetracycline, kanamycin, and chloramphenicol resistance (11 isolates), and ampicillin and tetracycline resistance (11 isolates) . Two isolates were resistant to all the antibiotics tested except nalidixic acid (resistance to ampicillin, a total of 76 E. coli strains could be defined, and plasmid size ranged from 1.5 kb to 54 kb ( Table 2 and Fig. 1 ). Fifty-eight isolates contained more than one plasmid, but no isolate contained more than six plasmids; five of the isolates contained the large plasmid (54 kb) in addition to other smaller plasmids. All the 76 isolates contained the 25 kb plasmid which is associated with resistance to ampicillin, kanamycin, tetracycline, and chloramphenicol, while carrying the other plasmids had no consistent relationship with resistance to the other antibiotics.
Genetic location of antimicrobial resistance genes
To ascertain whether resistance determinants were located on conjugative plasmids, mating studies were done as described earlier (Materials and Methods). Plasmid analysis of 19 donors and transconjugants is shown in Table 3 . All donors carrying the 25 kb plasmid co-transferred this plasmid. No attempt was made in this study to determine this homogeneity of the 25 kb plasmids by compatibility grouping or restriction endonuclease analysis. Eighteen of these donors contained at least one other plasmid in addition to the 25 kb plasmid and in seven of them an additional plasmid had co-transferred (Table 3) .
Resistance transfer in association with the 25 kb plasmid varied from the transfer of all resistance determinants (Ap, Tc, Kn, Cm) to ampicillin (Ap) alone. In six cases where the 25 kb plasmid was the only plasmid present in the donor, only part of the resistance phenotype was transferred with the plasmid.
Discussion
In Jordan, nearly all illnesses are treated with antibiotics. Patients may obtain these antimicrobial agents by prescription or 'over the counter'. The widespread use of antibiotics in hospitals and in the community acts as a selective pressure resulting in a high frequency of R plasmids in these populations. 13 Diarrhoeal diseases are endemic in the paediatric population of Jordan. Antimicrobial therapy, specially with ampicillin, is employed frequently for the treatment of diarrhoeal patients in spite of the lack of information on aetiological agents that could be associated with the illness. Our findings demonstrated the presence of multiple antibiotic resistance in 58 out of 89 (65.2 per cent) of the isolates. There was a high prevalence (78.7 per cent) of resistance to ampicillin followed by 60.7 per cent prevalence of resistance to tetracycline, 50.6 per cent to chloramphenicol, 21.3 per cent to kanamycin, and 4.5 per cent to gentamicine. These results (except resistance to kanamycin) are close to those reported for Enterobacteriaceae isolated from healthy Jordanian adults. 14 These findings demonstrate that widespread use of antibiotics in Jordan is responsible for the spread of resistant bacteria in healthy individuals as well as in patients with infectious diseases. It has already been shown that the gastrointestinal tract is a reservoir for the resistant strains and the spread of their genetic determinants of resistance between pathogenic and commensal strains. 14 Although only 27 per cent of E. coli isolates from diarrhoeal children were found to be diarrhoeagenic E. coli and to carry multiple resistance to antibiotics, the rest of the isolates can spread their resistance genes to pathogenic bacteria in that ecosystem. Furthermore, the increased use of antibiotics will select for more multiply drug-resistant diarrhoeagenic microorganisms.
Very few studies in molecular epidemiology have been done in Jordan concerning clinical bacterial isolates causing different diseases. 13 In the present study antibiotic resistance and plasmid profile analysis were determined on faecal E. coli (total of 89) isolates from Jordanian children under 5 years of age suffering from diarrhoea.
Plasmid analysis of the isolates showed a wide range of plasmid sizes present. There was no consistent relationship between plasmid profile and antimicrobial resistance pattern. These findings are in agreement with those of other workers in developing countries. 16 " 18 In our study, the 25 kb plasmids occurred in all the 76 resistant E. coli strains. Conjugation studies showed that these 25 kb plasmids were important in the transfer of resistance to ampicillin, kanamycin, tetracycline, and probably chloramphenicol. Restriction enzyme analysis is planned to determine whether the 25 kb plasmids are homogeneous. The presence of multiple resistance on a single plasmid or multiple plasmids in the same organism has been linked to prolonged use of a single antibiotic.' 9 This is consistent with the results of our survey data on the use of antibiotics by patients in our study which indicated that about 50 per cent of them were either taking antibiotics during their stay in hospital or had been exposed frequently to antibiotics in the past.
R plasmids present a serious problem when antibiotic treatment is indicated. Many studies have indicated that enteropathogenic E. coli (EPEC) isolated from hospitalized patients with diarrhoea carry multiple drug resistance as well as R plasmids. 20 ' 21 In a screen of our isolates, enteropathogenic characteristics were noted in 20 per cent of those tested (Youssef et al., in preparation).
A survey has shown that 65 per cent of the antidiarrhoeal medicines available in developing countries H I. MALKAWI AND M. T. YOUSSEF contain antimicrobial agents. 22 The World Health Organization (WHO) recommends that diarrhoea] diseases be treated first by rehydration therapy alone to minimize the use of antibiotics.
Additional studies are needed in Jordan to shed more light on the widespread use of antimicrobial drugs for diseases caused by Enterobacteriaceae, to identify the genetic determinants of resistance and the means of transfer of resistance and plasmids among bacterial strains.
